The activity of the chloramphenicol acetyltransferase (cat) gene after tranafection into human fibroblasts has been measured following treatment of the plasmid pRSVcat with either restriction enzymes or ultraviolet light.
is under the control of the Rous sarcoma virus (RSV) promoter, is shown in Figure 1 . When pRSVcat is introduced into mammalian cells the cat gene is expressed transiently within 48h of applying the DNA-calcium phosphate precipitate ("transient expression"). Expression of the gene can be measured using a simple assay for the gene product, chloramphenicol acetyltransferase (CAT) (1). This enzyme is not normally present in mammalian cells. Gorman and coworkers found that many factors which affected the expression of the cat gene in the transient expression system, also affected the efficiency of transfection in stable expression systems in a similar manner (3).
We wished to study the mechanism of DHA repair in a specific gene by transfecting diploid human fibroblasts with the pRSVcat plasmid damaged in different ways. Several reports have shown that lineariring transfecting plasmids outside the gene of interest either increases or does not affect the transfection frequency in stable expression systems (e.g. refs 4,5). Recently Spivak et al. (6) showed that UV-irradiation of the plasmids pSV2gpt or pSV2neo increased the transfection frequency of the gpt or neo genes by a factor of 5 in a stable expression system, irrespective of whether the recipient was a EHA-repair proficient normal human cell line or a repair-deficient cell line derived from a patient with xeroderma pigmentosum. In this paper we report that both a number of restriction enzymes and ultraviolet light cause inactivation of the expression of the pRSVcat plasmid in the CAT transient expression system in primary human fibroblasts.
MATERIALS AMP METHODS
The cell strains used in these experiments were the primary hunan fibroblasts 1BR, GM730, 48BR (normal), and XP4LO (xeroderma pigmentosumcomplementation group A) (7). Cells were routinely cultured in Eagle's MEM containing 1SZ foetal calf serun.
Restriction di»e»tion
The restriction enzymes Ball. BamHI. Hindlll. Hcol and PyuII were obtained from either New England Biolabs, F & S Biochemicals Limited or Boehringer Corporation Limited. pRSVcat was digested in lOmM tris-HCl pB7.5, O.lM-HaCl, 6mM-MgCl2, lmM-dithiothreitol at 2 units of enzyme per ug DHA for lh at 37°. Control DNA was incubated in buffer alone. A small sample of digested plasmid was checked on agarose gels to ensure complete digestion, and the rest was ethanol precipitated and dissolved in 2mM-tris HC1 pH 7.9, O.lmM-EDTA.
OV-irradiat ion
pRSVcat dissolved in 2mH-tris HC1 pH 7.9, O.lmM-EDTA at a concentration of 50ug/ml vas UV-irradiated at 2 54nm at a fluence rate of between 2. After incubation at 37° for 6 h, the medium was removed, the cell* washed with 5 ml serum-free medium (SFM) and thoroughly drained.
2.5 ml 15Z glycerol in 0.14 M-NaCl, 0.75 mM-sodium phosphate, 12.5 mM-Hepes pH7.1 were added for 2 minutes.
At this point the glycerol was diluted with 5 ml SFM and the diluted glycerol removed.
After a further wash with 5 ml SFM 10 ml fresh medium containing 10 mM-sodium butyrate (9) were added and the cells incubated for 16 h.
The following day the medium was replaced with fresh medium without butyrate and incubated for 24 h.
Finally the cells were harvested into 1 ml buffered saline by scraping with silicone rubber.
They were then centrifuged and the cell pellet either stored at -20° or processed for assay of CAT activity as described below.
CAT «»-v
The assay was carried out as described by Gorman &t a_l (1) with minor modifications.
The cell pellet was resuspended in 0.1 ml 0.25M tris-HCl, pH7.8 and subjected to three freeze-thaw cycles (30 sec. in liquid nitrogen, 90 sec. at 37°), and centrifuged in a microfuge at 4° for 5 min. The supernatant contained the CAT activity.
The assay for CAT contained in a total volume of 159 ul, 70 ul 0.25M tris-HCl, pH7.8, 50 ul HjO, 1 ul [C]chloramphenicol (0.1 uCi; approx. 50 mCi/mmole), 30 ul cell extract and 8 ul 10 mH-acetyl CoA.
The reactants were incubated at 37° for 90 min.
CAT acetylates chloramphenicol to produce three acetylated derivative*, 3-acetyl chloramphenicol, 1-acetyl chloramphenicol, and 1,3-diacetyl chloramphenicol. After the incubation period, the reaction was stopped by vortexing with 0.7 ml ethyl acetate.
Chloranphenicol and its derivatives were extracted into the ethyl acetate layer which was subsequently evaporated to dryness under vacuum.
The residue was 
t>»trietiop of plflVot
The plasmid was digested with a number of restriction enzymes, which The mammalian RHA transcript is also shown (compiled from references 1,2). made single cuts either within the cat gene (Ncol. PvuII). beyond the polyA addition site (BajnHl), or in the plasmid sequences, at least 1.6 Kb away from sequences involved in transcribing the cat gene (Bull) (see Figure 1) .
Irrespective of the site of action of the enzyme, the treatment always caused greater than 85Z insetivation of CAT activity (Figure 2 ).
3.
BY-irrmdiation pRSVCat was exposed to 0, 100, 300 or 800 JB~2. Triplicate samples of unirradiated plasmid and duplicates of irradiated plasmid were transfected into various cell strains, and the CAT activity determined as described in Materials and Methods. The activity calculated as a fraction of that of unirradiated plasmid is plotted as a function of UV fluence in Figure 3 . UV inactivated the CAT activity in both 1BR and XP4L0 cells, the level of inactivation at a given fluence being greater in the XP than in the normal cells. In order to calculate the number of pyrimidine dimers produced in the plasnid DNA, pRSVcat was exposed to various doses of UV-irradiation, In addition, UV fluences producing several pyrimidine dimers in the gpt gene of the plasmid pSV2gpt caused an increase in the frequency of production of stable gpt + cells, if the plasmid vas transfected into either normal or XP cell lines (6). We think it unlikely that these differences result from differences in the plasnids used in the tvo systems -they are of similar sizes and contain similar sequences -nor do we feel that they can be attributed to the use of different cell types; diploid human fibroblasts in our experiments and various established cell lines in the stable expression systems.
J. Burke and A. Hogg have found that Bam HI digestion of pRSVcat also inactivates CAT expression using COS-7 cells as recipients (personal communication). Neither of the possibilities mentioned above has, however, been excluded.
We consider that the most likely explanation for the differences in the responses of the tvo types of system lies in their different requirements. The transient expression system presumably depends on direct transcription of the plasmid DHA in the mammalian nucleus.
We suggest that transcription relies on the supercoiled structure of the plasmid, vhich is destroyed on linearization.
This interpretation is consistent vith results obtained by microinjection of plasmids into Xenopns oocytes. Transcription of the genes encoded by these plasmids was dependent on the plasmids attaining supercoiled closed circular structures in the oocyte nuclei (11, 12) . Transcription of an injected linear plasmid was more than 500 times lower than that of a circular plasmid (11) .
In contrast the 
